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ABSTRACT

This report discusses the design, fabrication and cost analysis of two unique horse bits.
On the market today, there are many different kinds of bits to serve a multitude of
purposes. However, this project explored the option of having two different shanks types
made of stainless steel in addition to three mouthpieces that are able to fit in both types of
shanks.
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INTRODUCTION
A bit is a tool used to fine-tune the communication between a horse and rider. There are
endless possibilities as to how they are constructed, used and designed. However, wellmade bits sit in the same area of the mouth—across the tongue, on the bars and in contact
with the corners of the mouth; note the absence of teeth on the bars (fig. 1).

Figure 1.Overhead view of bit placement on lower jaw.(Bits, 2013).
The market for horse bits moves from various “fad” designs over the years. Several bits
stand the test of time are useful in the hands of a knowledgeable horseman. The
following bits are going to be analyzed for fabrication: a simple curb, schooling bit, and
explore the possibility interchangeable mouthpieces (fig. 2) with different cheekpiece
(fig. 3) options. Durable and quality bits are difficult to find new, and are often damaged
when buying used. A need exists to redesign and construct these bits to stand the test of
time and be reintroduced into the market at a competitive price.

Figure 2. Diagram of curb mouthpiece—(front view of bit).
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Figure 3. Diagram of cheekpiece—(side view of bit).
The nature of training is very unpredictable and horses come in different shapes and
sizes. With this inherent inconsistency between breeds and types of horses, a trainer
needs a large amount of bits at their disposal to effectively deal which the level and type
of a horse that falls under their influence in order to allow the horse to work to their
fullest potential. Depending on the level of the horse, the rider may desire a differing
head/neck height or nose position; all of the previous affect the horse’s movement and
performance of the body that follows.
The majority of bits used for schooling purposes are purchased through equine catalogs
and in local tack shops. Because there is such a large volume of bits being produced,
craftsmanship has fallen by the wayside and the durability and aesthetic appeal has
gradually decreased as well. Bits are often only of chromed metal that chips and pits
after regular use.
The parameters that define each bit in catalogs are often limited to the width of the
mouthpiece. This project is looking to provide definite dimensions and definitions of
each aspect that can be changed depending on the type of bit needed for the rider’s
schooling needs. By offering exact dimensions, the guesswork is taken out of purchasing
and sending bits back that do not meet specifications.
The cheekpieces for this project are going to be based off of the bits in figures 4 and 5.
The first bit will be referred to as the B-Movie Bit (fig. 4) and the other will be referred to
as the Schooling Bit (fig. 5).
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Figure 4. B-Movie bit.

Figure 5. Schooling bit.
The project must meet the following parameters:
1.
2.
3.
4.
5.

Design functional horse bits
Bits will improve upon durability of current bits available on the market
Bits will be made of stainless with copper components
Bits will be competitive in price with current market
Bits must not bent, tweak or chip
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LITERATURE REVIEW
An investigation was needed to discover and understand the current bits on the market;
the materials involved in design, reasons for materials, and the functions of different
dimensions and mouthpieces on the action of the bit.
Adjustable Bits on Market
Currently, on the market there is an adjustable bit. However with this available bit, there
is not an option for changing the rein adjustment or the shanks (fig. 6). The only
changeable aspect is the mouthpiece itself. This offers the rider an option of using
different mouthpieces, but the shanks available only come in different lengths—not
angles. Thus, the rider is forced to purchase new shanks when he would like to change
the action of the bit.

Figure 6.(Interchangeable 2013).
Materials
Many types of metals have been used to create horse bits. Before stainless, mild steel
was a common material used to construct bits. Horses like the taste of mild steel because
of the nature of the material.The mild steeltends to oxidize. Bits were also commonly
made of nickel up into the 1940s, but they were then replaced by a more durable material
(Rogers, 2012-2013). With the introduction of stainless steel, the problem of dry mouths
became an issue. Even though this problem is not widespread, the problem is usually
caught too late and results in a sore mouthed horse. To counteract the lack of salivation,
copper is often included on the mouth piece of the bit to encourage salivation and a light
mouth (Benny’s, 2013).
Copper is incorporated into bits in many different ways. It can be inlayed, added asroller
rings (Appendix C) or even used as a coating over the entire mouthpiece. Copper is
sometimes used to coat mouthpieces to promote salivation, but a copper coating is not as
durable as regular stainless steel alone; on the Rockwell B hardness scale, Copper
registers a 51 (Copper, 2013) while stainless is 68.5 (Overview, 2013) in the middle of its
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range. The performance of copper coating on a bit is inferior to plain stainless steel (fig.
7). Upon examining a similar bit without a copper coating the wear marks would appear
superficial and have a miniscule amount of depth in the chew marks.

Figure 7.Chew and wear marks on a copper-coated eggbutt snaffle
Headsets
The head and nose set in Figure 8 is often used in horses that are in the early stages of
schooling and learning to move forward into the contact of the bit with good impulsion
and energy at the medium trot (fig. 10). By allowing the horse’s nose to be out, it
provides the horses body with a more relaxed frame to work in. Young horses are often
worked in this frame becauseit builds confidence in their work and build up muscles
needed for higher levels of performance.

Figure 8. Schooling bit at three demonstrated hand heights, from left to right: low,
medium and high.
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The head and nose set that is the successor of the previous head and nose set is that of
Figure 9. Demonstrated (fig. 9) is a horse that has learned to move with good forward
energy into contact with the bit. The head is on the vertical (Appendix C), and the poll
(Appendix C) is the highest point. This horse’s work would involve shortening the
forward reach of the stride and transferring the energy into lift and upward motion seen in
a collected trot (fig. 10).

Figure 9. B-Movie bit at three demonstrated hand heights from left to right: low, medium
and high.

Figure 10.The tradeoff between forward movement and upward lift at different levels of
training (True, 2013).
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Force Calculations
One way to distinguish bits is by examining their measurements and angles they apply in
practice. The following equation (1) determines the amount of force felt in the poll
region for the given amount of force on the reins and the angles formed by the
cheekpieces; for the expanded version of the calculations see Appendix B. As seen by
the ratios in the bottom of the Table 1, the B-Movie bit transfers more force to the top of
the head because the cheekpiece is straighter and less forgiving that the Schooling bit.
Another reason as to why the B-Movie bit is used for more advanced work because the
amount of force the horse feels is greater and in order to understand these signals, a horse
usually requires more experience.
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Therefore, a ratio of ./.01 or 2.3 exists for this bit at a low hand position.
Table 1. Force calculations comparing two different types of bits at three rider-hand
heights, which translate into a corresponding head height of the horse.
Force Calculations
Schooling
Force
Low
Med
FR, lb
RB, in
BH, in
Φ
θ
FH, lb
FR:FH

4
5
3
90°
40°
10.37
1 to 2.6

4
5
3
96°
37°
11.02
1 to 2.76

High

B-Movie
Low

Med

High

4
5
3
87.5°
36°
11.33
1 to 2.83

4
5
2.5
31°
125°
12.72
1 to 3.18

4
5
2.5
21.5°
111°
20.38
1 to 5.1

4
5
2.5
17°
117°
24.38
1 to 6.1
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Mouthpieces
Straight with Copper Inlay. A straight bit allows a rider to work on achieving
straightness throughout the horse (fig. 11). As a convention, young horses are started in
an eggbutt snaffle (Appendix C)(fig. 7) because the bit is not intimidating and gives a
sense of direction to the horse. Once a horse is along in schooling, a need will present
itself to move into a straight mouthpiece. Symptoms could be as simple as not wanting to
take even contact on the bit, or not working straight and true down the rail, or as bad as
being extremely heavy on the forehand (Appendix C) causing blisters on the riders hands;
this occurs when the horse is looking for balance, and takes the easy way out by using the
rider’s hands as a fifth foot. A straight mouthpiece does not allow a horse to evade
contact on either side of its mouth or evasion by grabbing onto the bit and hanging their
head down into the riders hands (Rogers, 2012-2013).

Figure 11. Schooling bit with straight mouthpiece.
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Curb with Roller Rings. A bit with a port in the center gives relief to the horse’s tongue
and allows them to carry the bit more easily. Again, after a horse has become proficient
at the basic level of training changing to a different bit allows the cues of the rider to be
more subtle and move the horse up through levels of training. The curb still gives the
same straight feeling as a straight bit, but it is not as overwhelming to the horse as it
allows for a little more freedom of the tongue (fig. 12). The curb bit will also have
copper rings (fig. 13) added underneath the port to promote salivation and give a busy
horse something to roll with their tongue. This bit is commonly seen with professionals
and horse enthusiasts alike because a large majority of horses like this particular
mouthpiece and enjoy packing it in the show arena and down the trail.

Figure 12.Curb bit with small port.

Figure 13. Designed bit will incorporate small copper rollers just below the port to
promote a soft mouth (Bits Lazy, 2013).

Mullen with Copper Inlay. A mullen mouthpiece (fig. 14) is a halfway point between a
curb and a straight mouthpiece because it is a continuous curve, which results in a wide
shallow port, which sits only on the bars of a horse’s mouth. This mouthpiece design
allows for more tongue relief than the curb because there is more room laterally in the
mouth. Implementation of this bit would occur when a horse is ready to move out of a
snaffle and ready for more solid contact. However, with this bit a horse may have the
tendency to root their nose out because all of the pressure from the rider’s hands is sent
primarily to the bars of the mouth and not dispersed to the tongue or the corners of the
lips. Copper will be inlayed in this bit with the same pattern as the straight mouthpiece to
encourage salivation and a soft mouth.
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Figure 14. Mullen mouthpiece with eggbutt snaffle cheeks (A Bit, 2013).
Sizing. The size of the mouthpiece will be 5.25”—which is measured from the insides of
the shanks. Bits are sold in either half or quarter inch increments. A bit that is too large
slides through the mouth and a bit that is too small could result in pinching and excessive
pressure on the corners of the mouth; both situations cause discomfort to the horse and
affect performance (Rogers, 2012-2013).
Swivel/Solid Shanks. The cheekpieces on the designed bits will be solid jawed. A loose
jaw gives a less clear signal to the horse, but it does lessen the negative effects of
uneducated hands—such as sudden jerks or cues that are too fast and heavy that would
upset a sensitive horse (Benny’s, 2013).
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PROCEDURES AND METHODS

Design Procedure
Material Selection. During the primary design stages of the shanks, selections of
material type and thickness were made based on weight, machinability and ability to
withstand welding. To make the shanks comparable similarly structured bits, 3/16” was
the chosen thickness to allow room for the possibility of countersinkingthe mouthpieces
in the shanks and leave room to finish the bits with a nice bevel on the edges without
removing too much weight from the bit. 304 Stainless was chosen to withstand welding,
to allow for more flexibility during the prototyping process should a new design occur
with a welding process involved despite this type of stainless being more difficult to
machine.
As for the design of the mouthpieces, common diameters for mouthpieces run between
3/8” and ½”. For this particular design, a diameter of 7/16” was chosen to best meet the
needs of the application.
Functionality Requirements. For function, both types of shanks were required to have
a bridle loop—composed of a full circle, bottom rein loop—composed of a full circle,
one rein loop—composed of a partial circle—with the center action of the rein
perpendicular to the mouthpiece and another rein loop similar to the previous placed
between the top and bottom rein loops.
Adjustability Requirements. For adjustability, both shanks were required to have a
mechanism to secure mouthpieces to a set of shanks and allow the same mouthpiece to be
used on both sets of shanks. The attachment of the mouthpiece must be solid and sit at a
predetermined angle away from the front edge of the shank to ensure the mouthpiece will
rest properly in the mouth.

Figure 15. Initial design of shank for new version of Schooling bit.
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Figure 16. Initial design of shank for new version of B-Movie bit.
Initial Adjustability Designs. During initial brainstorming, the idea of a countersink in
the shank with places for dowel pins to hold the mouthpiece in position was drawn up.
However, this design was not used because of the cost of the machining to place the
counter sink, the minimal thread area on the through hole when tapped and the time
needed to press fit pins into the mouthpiece.

Figure 17. Schooling shank with countersink and room for press fit pins.
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Figure 18. B-Movie shank with countersink and room for press fit pins.

Figure 19. End and isometric view of mouthpiece for the above shank types.
The next design involved placing a tang on each end of the mouthpiece that was just shy
of the 3/16” thickness to ensure the mouthpiece would not move. However, with this
design achieving the precise slot for the tang proved difficult and required more time and
resources than appropriate for the scope of this project.
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Figure 20. Schooling shank with tang slot.

Figure 21. B-Movie shank with tang slot.

Figure 22. End and isometric view of mouthpiece for the above shanks.
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To reduce the amount of machine time, a solution that involved welding was also
considered. For this particular design a metal tab would have two holes placed in it and
then welded to a mouthpiece. Then to place the mouthpiece between the shanks, two
screws would be placed on the outside of the shanks to screw the two pieces together.
However, with this design the contiguity between welded pieces was not highly likely
due to the inexperience of the fabricator, the amount of threads on each surface were
minimal which could lead to the pieces coming apart and the outside view of the shank
was not aesthetically pleasing. Because this design was not used early in the design
process, no corresponding mouthpiece was draw up.

Figure 23. B-Movie shank with countersunk slot for metal tab.
Prototype Shank and Mouthpiece Designs. After consideration of the previous
difficulties of the above designs, it was decided to machine square ends on the
mouthpieces and broach a ¼” square hole into the shanks rotated at the necessary
predetermined angle for each set of shanks. With this design, the issues of multiple
machining passes with different cutters to achieve more difficult cuts would not be
needed and the amount of threads tapped into the mouthpiece would be sufficient. It
simplified the fabrication process greatly and did not involve welding.
All three mouthpieces have the top of the mouthpiece aligned with the top flat on the
machined square end to ensure the mouthpiece is straight and sits properly when attached
to the shanks. Therefore, the user of the bit does not have to adjust the bit to the correct
position—it is simply placed in the correct orientation and screwed together.
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Figure 24. Schooling shank prototype design.

Figure 25. B-Movie shank prototype design.
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Figure 26. Straight mouthpiece prototype design.

Figure 27. Mullen mouthpiece prototype design.

Figure 28. Curb mouthpiece prototype design.
Fabrication Procedure
Prototype Shank Fabrication.For the initial prototypes, both shank designs were
formatted into .dxf files, transferred into the cutting software (fig. 29) and cut out using a
CNC plasma cutting table (fig. 30). To remove large kerf marks and clean up the
material, a die grinder with sander and point attachments (fig. 31). Because the top and
bottom circles were not a true 1in diameter, a 1in reamer was worked through each circle
while the shank was held in a vise.

Figure 29. Path being programmed on the CNC plasma table.
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Figure 30. CNC plasma cutter cutting prototype shanks.

Figure 31. Shanks immediately after plasma cutting.

Figure 32. Shanks after being cleaned up with a die grinder.
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On the mill, a matching set of shanks were set on parallel bars and clamped in the vise
and positioned so that both holes were even (fig. 33). After center drilling, a 17/64” drill
bit (fig. 34) was used to drill a pilot hole for the ¼” square broach.

Figure 33. Using an edge finder to zero the X and Y axis on the mill.

Figure 34. Pilot hole for the square broach.
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To make sure the shanks stayed together during the broaching process, a 1” diameter by
2” long pipe was tapped into the top and bottom circle of the shanks (fig. 35). On an
arbor press, the broach was placed in the hole with a small ruler clamped to the top and
an angle finder aligned on the bottom at the desired angle. Then by sight, the broach was
rotated until both the small ruler and angle finder were parallel. Once set, the broach was
pressed through the set of shanks (fig. 36).

Figure 35. Pipe tapped into the ends of the shanks to hold them true during broaching.

Figure 36. Set of shanks post broaching.
To check for accuracy, a finished straight mouthpiece is attached to the set of shanks and
tightened. If acceptable, the shanks are then removed from the mouthpiece and cold
worked on a large, thick, round piece of metal clamped in a vise (fig. 38).
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This is done to prevent the shanks from running into the horse’s molars when the bit
moves. Therefore, the curve away from the face provides ample clearance for the sides
of the face and molars (fig. 39).

Figure 37. Assembled bit with straight mouthpiece before cold working.

Figure 38. Makeshift anvil used for cold forming shanks.

Figure 39. First fitting test after slight amount of cold working, still too close.

22

Figure 40. After final cold working. Shanks now properly curved away from face of
horse.
Prototype Mouthpiece Fabrication. For the prototype mouthpieces, rough cuts of 7/16”
304 Stainless are made using a bandsaw. Then the material is taken to a lathe and placed
in a three-jaw chuck on a lathe. One pass is done to face (fig. 41) the material to give it
an even plane. The material is then center drilled and followed with #21 drill bit to a ½”
depth. After a hole is made, a 10-32 taper tap(fig. 42) with plenty of cutting oil is used to
initially tap the hole—which is then followed with a bottoming tap to ensure the hole has
the maximum amount of threads. The drilled and tapped mouthpiece is then placed in an
indexing wheel on a mill with a piece of 10-32 all thread with a locking nut on the free
end. A small level is then placed on the nut to ensure that the nut is level; once level,
mark the top side of the nut. Using a ¼” end mill bit, a square end is machined on the
mouthpiece (fig. 43). After complete, the mouthpiece is then turned around and the same
is done with the other side. The level must be completely level on the nut before the
chuck is fully tightened down and machining begins. Once complete, there are no more
steps needed to complete the straight mouth piece (fig. 44).

Figure 41. Facing mouthpiece on lathe.
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Figure 42. Tapping drilled holes.

Figure 43.. Mouthpiece chucked in indexing adapter with one end in the process of being
squared.

Figure 44
44. Prototype straight mouthpiece.
To complete the mullen mouthpiece, all steps to create the straight mouthpiece must be
completed first. Then, the piece is run through a pinch roller until it matches the
construction drawings (Appendix
Appendix E). After the mouthpiece has the needed curve, the
ends are marked at the appropriate length of straightness and then placed in a vice at the
marked length with the majority of the length out of the vise. Using an oxy-acetylene
oxy
torch, the metal was heated to cherry red and then bent to gget
et the straightness on each
side after the curve (fig. 45)
45).
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Figure 445. Prototype of mullen mouthpiece.
A second prototype mouthpiece was also constructed for the mullen because the first
effort yielded a bit that was not symmetrical. Therefore, a die was constructed to attempt
to press the mouthpiece into shape (fig. 46).
). This method did not yield the desired results
either (fig. 47).

Figure 46.. Mullen die with tes
testt piece of steel prior to pressing.

Figure 47. Second prototype mullen mouthpiece.
As for the curb bit, a die was constructed (fig. 48) out of mild steel (fig. 49)
49 to achieve
the proper curvature and accuracy needed for the mouthpiece. All steps required to
create a straight mouthpiece are the same as the initial steps to create the curb. After the
ends are squared and de-burred,
burred, the mouthpiece was scored on the center,
nter, placed in the
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die and lined up with the center mark of the die. Once set up, using a hydraulic handhand
press, the mouthpiece was then formed into the desired shape (fig. 50).

die
Figure 48.. Machining a flat spot on the center piece of the die.

Figure 449. Prototype die used to form curb mouthpiece.

Figure 50. Prototype curb mouthpiece
Second Prototype Shanks
Shanks. Due to the large amount of time required to clean up the
initial prototype shanks after being plasma cut and the hassle of broaching the shanks
accurately—the
the decision was made to outsource the shanks and have them laser cut (fig.
51). The need to use a die grinder to remove large kerf marks was eliminated and the
squares were cut at the proper angle therefore the broaching process was eliminated (fig.
52).
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Figure 51. Laser cut shanks.

Figure 52. Edge detail on laser cut shanks.
Fabrication Adjustments. When the laser cut shanks were received, the initial prototype
mouthpieces had a large amount of slop even after being fastened tightly to the new
shanks. Therefore, the new square holes were measured and the size of the square ends
on the mouthpieces were adjusted accordingly to ensure a snug fit.
Copper Inlay. To effectively inlay the copper, a heart-shaped cut must be made in the
desired location of the copper strip. The heart shaped cut allows the base of the channel
to be wider than the top, therefore the copper will not pop out. Then, a chunk of copper
is placed of the cut and tapped into the groove with a ball peen hammer. Once the groove
is completely filled, a fine rasp is used to file the copper flush with the surface of the
mouthpiece (fig. 53).
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Figure 53. Example of copper inlay using a heart-shaped cut.
Testing. To check the different bits functionality, as mouthpieces were completed, each
bit type was test ridden on the same horse. By riding a given bit on a horse of a known
level, any issues would quickly become apparent. The fit of the shanks with regards to
the shank were examined, the horse’s mouth was opened with the bit sitting in it to make
sure it sat properly and it was evaluated on an aesthetic basis.
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RESULTS
verage sized American Quarter Horse well with regards to the
Fit. The bit fit an average
selection of the mouthpiece length and amount the shanks were curved out. The degree
at which the square holes were rotated was also appropriate because during testing there
was no indication of discomfort from the horse
horse—which manifests
ifests in the form of sudden
(during the course of one ride on the horse) development of vises such as head tossing,
resistance and evasion and after a visual inspection, the bit was determined to rest
properly in the mouth (fig. 54).

Figure 54. B-Movie bit during final testing.
Cost. Regardless of the process used to cut the shanks, the base price of material remains
the same. Therefore, the base price of material was determined to be $6.67 per set of bit
shanks.
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The amount of time taken to clean up shanks cut by the plasma cutter (Table 2) took far
longer than the shanks that were laser cut (Table 3). Both processes also have additional
fabrication involves the construction of a die to press the curb mouthpiece to shape
(Table 4).
Table 2. Fabrication time when using plasma cut shanks.

Bit Fabrication--Plasma Cut
Part
Shanks

Type

Task

Machine/Tool

Settings/Accessories

Minutes

Plasma Cut
Material

3/16" 304 Stainless
Steel

30

Die Grinder

60 grit Sanding disc

45

Both

Cut Shanks

Both

Edge Clean-up

Both

Face and long
edges

Both

Circles

Rotary file

15

Both

Rein slots-rough

Fat point tip

15

Both

Rein slotscorners

Sharp point tip

15

Both

Make diameter
true on top and
bottom holes

BMovie

Square Holes @
11.25° off of
center

Both

Cold forming

Both

Bevel Edges

1" Reamer, 11
16 socket and
driver

10

Mill
Mill
Arbor Press

Center Drill
17 64 Drill
0.25" Square Broach

1
2
5

Mini-sledge,
large diameter
curved piece of
metal, vise grips

N/A

10

15

30

Mouthpieces Straight

Initial cut
(rough length)

Bandsaw

80 fpm, 30lb

2.5

Lathe

Carbide cutter

5

Lathe

Standard

1

Drill Ends

Lathe

#21

4

Taper Tap Ends

Lathe/by hand

10 32

6

Lathe/by hand

10 32

5

Mill w/ Indexing
Adapter

1/4" End Mill

25

Exact length
with
drilled/tapped
holes
Face Ends
Center Drill
Ends

Bottoming Tap
Ends
Mill Square
Ends

10 32 All Thread w/
nut
De-bur
Curb

Initial cut
(rough length)
Exact length
with
drilled/tapped
holes
Face Ends
Center Drill
Ends
Drill Ends
Taper Tap Ends
Bottoming Tap
Ends
De-bur

De-bur
machined parts

Various files

5

Bandsaw

80 fpm, 30lb

2.5

Lathe

Carbide cutter

5

Lathe

Standard

1

Lathe
Lathe/by hand

#21
10 32

4
6

Lathe/by hand

10 32

5

De-bur
machined parts

Various files

5

Mill w/ Indexing
Adapter

1/4" End Mill

25

Hydraulic Handpress, die

about 5-6 tons

4

Mill Square
Ends

Form
Mouthpiece

Hours

4.57
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Table 3. Fabrication time when using laser cut shanks.

Bit Fabrication--Laser Cut
Part
Shanks

Mouthpieces

Type

Task

Machine/Tool

Settings/Accessories Minutes

Cut Shanks

Laser Cutter

OUTSOURCED

N/A

Both

Cold forming

Mini-sledge,
large diameter
curved piece of
metal, vise, vise
grips

N/A

10

Both

Bevel Edges

Both

Straight

Initial cut
(rough length)
Exact length
with
drilled/tapped
holes
Face Ends
Center Drill
Ends

Bandsaw

80 fpm, 30lb

2.5

Lathe

Carbide cutter

5

Lathe

Standard

1

Drill Ends

Lathe

#21

4

Taper Tap Ends

Lathe/by hand

10 32

6

Bottoming Tap
Ends

Lathe/by hand

10 32

5

Mill Square
Ends

Mill w/ Indexing
Adapter

1/4" End Mill
@600rpm

25

Lathe, fine file

10 32 All Thread w/
nut
225rpm

2

Bandsaw

80 fpm, 30lb

2.5

Lathe

Carbide cutter

5

De-Bur
Curb

15

Initial cut
(rough length)
Exact length
with
drilled/tapped
holes
Face Ends
Center Drill
Ends
Drill Ends

Lathe

Standard

1

Lathe

#21

4

Taper Tap Ends

Lathe/by hand

10 32

6

32
Bottoming Tap
Ends
Mill Square
Ends

Lathe/by hand

10 32

5
25

De-Bur

Mill w/ Indexing
Adapter
Lathe, fine file

Form
Mouthpiece

Hydraulic Handpress, die

1/4" End Mill

25

225rpm

2

about 5-6 tons

4
Hours

2.58

Table 4. Time to fabricate a die for the curb mouthpiece.

Additional Fabrication
Part
Die

Type
Curb

Task

Machine/Tool

Settings/Accessories

Minutes

Large radi (2)
Face End

Lathe

Carbide Cutter

5

Turn to desired radius

Lathe

Carbide Cutter

45

Part off (2) radi at desired
width

Lathe

Parting Tool

8

Small Radi (1)
Face End

Lathe

Carbide Cutter

5

Turn to desired radius

Lathe

Carbide Cutter

25

Part off radi at desired width

Lathe

Parting Tool

5

Cut to size

Bandsaw

200fpm, 40lb

10

De-bur

Belt Sander

N/A

1

Cut Aligning Plates

Shear

N/A

2

Bead blaster

N/A

15

(2) Plates for top and bottom

Bead Blast
Large radi (2), small radi (1), (2)
plates & aligning plates
Welding
Attach large radi to top plate

MIG Welder

7

Attach small radi to bottom
plate

MIG Welder

4

33
Attach aligning plates to large
radi

MIG Welder

4
Hours

Table 5. Comparison of cost.
Cost Comparison
Price per 2
Shanks
Plasma
Cut
Laser Cut

Fabricati
on Time
(hours)

Cost
Fabrication
Time
($30/hour)

Total Cost

$

9.44

4.57

$

137.10

$ 146.54

$

45.63

2.58

$

77.40

$ 123.03

*Cost for a laser cut run of 10. Price decreases as volume increases.

2.27
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DISCUSSION
Manufacturing Difficulty. The precision needed for this project proved to cause many
difficulties. During the prototype process for the mouthpieces, the method of
determining if the square ends were even or not left room for many errors to be made. If
the all-thread was twisted or knocked while switching the mouthpiece in the indexing
wheel or if the level was not read properly, it rendered the square ends uneven and the
piece required more time in order to straighten it out.
The other great difficulty that occurred was the forming of the mullen mouthpiece.
Initially, it was determined that drilling and tapping holes, and squaring ends would be
easier to do before forming. However, with the mullen mouthpiece the sharp bends that
occur on either end of the wide curve proved extremely difficult to achieve without
affecting the rest of the mouthpiece. With the given die, the curves were not sharp
enough and caused the bottoms of the shanks to sit closer together than the tops. To
correct the problem, shims were added. The shims did cause the piece to bend farther,
but it caused the tapped holes to ellipse—making the mouthpiece unusable. The metal
was also annealed prior to forming, but this process caused the tapped ends to ellipse
farther, but was closer to the ideal bend.
Transferability of Results. With laser cut shanks, machined mouthpieces and a curb
mouthpiece formed using a die, desired results were determined to be achievable on more
than a one-time basis. Once initial prototypes were completed, additional mouthpieces
were machined and were within a couple thousandths of the initial prototypes’
dimensions.
Alternative Designs. The availability of bits that offer a comparable amount of
functionality and adjustability do not exist. However, there are bits that have similar
components—such as multiple rein slots or ability to swap mouthpieces. This bit has
also demonstrated that the additional functionality has not affected the integrity of the bit,
which makes this bit of higher quality and usability than those available to consumers
today.
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RECOMMENDATIONS
Design. If this bit were to be produced again, I would alter the design slightly where the
shank and mouthpiece go together so that there is only one possible way to assemble the
bit to erase the possibility of error when putting a bit together. Currently, the mouthpiece
has potential to be placed in four positions because of the square ends on the mouthpieces
and square hole in the shanks. To correct this issue SOMETHING needs to be done
Manufacturing. If this bit were to be manufactured on a large scale, it would be
beneficial to have fixtures designed to mount the mouthpieces once and then perform all
of the machining processes. By doing this, the amount of initial time invested in
designing and fabricating the fixtures would be large—but the increase in productivity
would justify the time spent making the fixtures.

36

REFERENCES
A Bit Confused (Glory Bits). Coachman’s Delight, Inc. Available at:
http://www.coachmansdelight.com/CGuidePage.asp?pg=GUI46&k=42. Accessed: 3
February 2013
Benny's Bits: Leverage Bits. Benny Guitron, Merced, CA. Available at:
http://www.bennyguitron.com/articles/232004233622.html. Accessed: 3 February 2013.
Bits.Lazy Heart Tack Shop. Available at:
http://lazyheartetackshop.com/shopsite_sc/store/html/page3.html. Accessed: 3 February
2013
Bits.New Rider. Available at: http://www.newrider.com/Starting_Out/Tack/bits.html.
Accessed: 6 February 2013.
Copper, Cu; Cold-Worked. Mat-web.com. Available at:
http://matweb.com/search/DataSheet.aspx?MatGUID=ca486cc7cefa44d98ee67d2f5eb7d
21f. Accessed on: 11 February 2013.
Interchangeable Stainless Steel Cheeks. National Bridle Shop, Inc. Lewisburg, TN.
Available at: http://www.nationalbridle.com/product-p/1-0679.htm. Accessed: 5 February
2013.
Overview of materials for T 300 Series Stainless Steel. Mat-web.com. Available at:
http://matweb.com/search/DataSheet.aspx?MatGUID=7a87941825a3463eaba7979c4333
721f. Accessed on: 11 February 2013.
Rogers, Judy. 2012-2013. Personal Communication. Judy Rogers, Equine Professional,
Shady Grove Riding Club, Bakersfield, CA.
True Collection.Theresa Sandin. Available at:
http://www.sustainabledressage.net/collection/true_collection.php. Accessed:19
February 2013.

37

APPENDICIES

38
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HOW PROJECT MEETS PROJECT REQUIREMENTS FOR AN ASM MAJOR
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HOW PROJECT MEETS REQUIREMENTS FOR THE ASM MAJOR
ASM Project Requirements
The ASM senior project must include a problem solving experience that incorporates the
application of technology and the organizational skills of business and management, and
quantitative, analytical problem solving. This project addresses these issues as follows.
Application of Agricultural Technology. The project involves the application of
mechanical systems, power transmission, and fabrication technologies.
Application of Business and/or Management Skills. The project involves
business/management skills in the areas of machinery management, cost and productivity
analyses, and labor considerations.
Quantitative, Analytical Problem Solving. Quantitative problem solving techniques
include the cost analysis, design drafting, and the force calculations of each bit.
Capstone Project Experience
The ASM senior project must incorporate knowledge and skills acquired in earlier
coursework (Major, Support and/or GE courses). This project incorporates
knowledge/skills from these key courses.
•
BRAE 129 Lab Skills/Safety
•
BRAE 133 Engineering Graphics
•
BRAE 151 AutoCAD
•
BRAE 152 SolidWorks
•
BRAE 240 Agricultural Engineering Lab
•
BRAE 342/343 Mechanical & Fabrication Systems
•
BRAE 418/419 Ag. Systems Management
•
ENGL 145 Expository Writing
ASM Approach
Agricultural Systems Management involves the development of solutions to
technological, business or management problems associated with agricultural or related
industries. A systems approach, interdisciplinary experience, and agricultural training in
specialized areas are common features of this type of problem solving. This project
addresses these issues as follows.
Systems Approach. The project involves the investigation and understanding of the
mechanics of a bit in a horse’s mouth and how different designs yield different results in
schooling.
Interdisciplinary Features. The project includes aspects of horsemanship and
knowledge of the current market for horse bits.
Specialized Agricultural Knowledge. The project applies specialized knowledge in the
areas of fabrication systems and horsemanship.
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Derivation of equation (1):
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0  ∑G
0  G H G I G
0  ∑J
0  J H J I J
0  ∑8
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Where:
G  Forces in the y I direction
G  Force on the top of the head in the y I direction
G  Force of the rein in the y I direction
G  Force of the bit in the y I direction
J  Forces in the x I direction
J  Force on the top of the head in the x I direction
  Force on the top of the head
J  Force of the rein in the x I direction
J  Force of the bit in the x I direction
8  Moments about the bit
  Angle between rein and bit
  Angle between top fo bit and top of head
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Schooling Bit
  4'(
  5
  3

Schooling Bit Angles
Hand Placement
Low

Medium

High

ɸ

90°

96°

87.5°

ɸ

40°

37°

36°

 




5 sin!90°% 4lb
3 sin !40°%
  10.37'(

 

 65  

1
2.6

5 sin!96°% 4lb
3 sin !37°%
`abc`  11.02'(

`abc` 

 65 `abc` 

1
2.76

5 sin!87.5°% 4lb
3 sin !36°%
  11.33'(

 

 65  

1
2.83
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B-Movie Bit
  4'(
  5
  2.5

B-Movie Bit Angles
Hand Placement
ɸ
ɸ

Low
125°
31°

Medium
111°
21.5°

High
117°
17°

5 sin!125°% 4lb
2.5 sin !31°%
  12.72'(

 

 65  

1
3.18

5 sin!111°% 4lb
2.5 sin !21.5°%
  20.38'(

 

 65 `abc` 

1
5.1

5 sin!117°% 4lb
2.5 sin !17°%
  24.38'(

 

 65  

1
6.1
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Eggbutt Snaffle: A bit with a jointed mouthpiece that is connected to solid oval
cheekpieces
Forelock: The hair that falls from between the horses ears, forward onto the face.
Heavy on the Forehand: When a horse works with their hind end trailing behind their
body and not far enough underneath the body to sufficiently lift the front end up for the
appropriate amount of lightness needed to work with the neck parallel or higher to the
ground
On the Vertical: The position of the horse’s head where the line from forelock to nose is
perpendicular to the ground when the horse is viewed from the side.
Poll: Point between horse’s ears
Roller Rings: Copper rings wrapped around a piece of metal that lays parallel to the
tongue to encourage salivation
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304 Stainless Steel
Categories:

Metal; Ferrous Metal; Heat Resisting; Stainless Steel; T 300 Series
Stainless Steel

Material Notes:

Austenitic Cr-Ni stainless steel. Better corrosion resistance than
Type 302. High ductility, excellent drawing, forming, and spinning
properties. Essentially non-magnetic, becomes slightly magnetic
when cold worked. Low carbon content means less carbide
precipitation in the heat-affected zone during welding and a lower
susceptibility to intergranular corrosion.
Applications: beer kegs, bellows, chemical equipment, coal hopper
linings, cooking equipment, cooling coils, cryogenic vessels, dairy
equipment, evaporators, flatware utensils, feedwater tubing,
flexible metal hose, food processing equipment, hospital surgical
equipment, hypodermic needles, kitchen sinks, marine equipment
and fasteners, nuclear vessels, oil well filter screens, refrigeration
equipment, paper industry, pots and pans, pressure vessels,
sanitary fittings, valves, shipping drums, spinning, still tubes, textile
dyeing equipment, tubing.
Corrosion Resistance: resists most oxidizing acids and salt spray.
UNS S30400; AMS 5501, 5513, 5560, 5565; ASME SA182, SA194 (8),
SA213, SA240; ASTM A167, A182, A193, A194

Key Words:

AISI 304, AISI 304, T304, T 304, SUS304, SS304, 304SS, 304 SS, UNS
S30400, AMS 5501, AMS 5513, AMS 5560, AMS 5565, AMS 5566,
AMS 5567, AMS 5639, AMS 5697, ASME SA182, ASME SA194 (8),
ASME SA213, ASME SA240, ASME SA249, ASME SA312, ASME SA320
(B8), ASME SA358, ASME SA376, ASME SA403, ASME SA409, ASME
SA430, ASME SA479, ASME SA688, ASTM A167, ASTM A182, ASTM
A193, ASTM A194, ASTM A666, FED QQ-S-763, MILSPEC MIL-S-5059,
SAE 30304, DIN 1.4301, X5CrNi189, B.S. 304 S 15, EN 58E, PN 86020
(Poland), OH18N9, ISO 4954 X5CrNi189E, ISO 683/13 11, 18-8

Physical Properties
Density
Mechanical Properties
Hardness, Brinell

Metric

English

8.00 g/cc

Comments

0.289 lb/in³
Metric

English
123

Comments
123 Converted from
Rockwell B
hardness.
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Hardness, Knoop

138

138 Converted from
Rockwell B
hardness.

Hardness, Rockwell B
Hardness, Vickers

70
129

70
129 Converted from
Rockwell B
hardness.

Tensile Strength,
Ultimate

505 MPa

Tensile Strength, Yield

215 MPa
@Strain 0.200 %

Elongation at Break
Modulus of Elasticity
Poissons Ratio
Shear Modulus
Charpy Impact
Electrical Properties

73200 psi
31200 psi
@Strain 0.200 %
70%
70% in 50 mm
28000 - 29000 ksi
0.29
0.29
12500 ksi
240 ft-lb

193 - 200 GPa
86.0 GPa
325 J
Metric

English

0.0000720 ohm-cm
Electrical Resistivity
@Temperature 20.0 °C
0.000116 ohm-cm
@Temperature 650 °C
Magnetic Permeability
Thermal Properties
CTE, linear

Specific Heat Capacity

Comments

0.0000720 ohmcm
@Temperature
68.0 °F
0.000116 ohm-cm
@Temperature
1200 °F

1.008
Metric

1.008 at RT
English

17.3 µm/m-°C
@Temperature 0.000 - 100
°C

9.61 µin/in-°F
@Temperature
32.0 - 212 °F

17.8 µm/m-°C
@Temperature 0.000 - 315
°C

9.89 µin/in-°F
@Temperature
32.0 - 599 °F

18.7 µm/m-°C
@Temperature 0.000 - 650
°C

10.4 µin/in-°F
@Temperature
32.0 - 1200 °F

0.500 J/g-°C
@Temperature 0.000 - 100
°C

0.120 BTU/lb-°F
@Temperature
32.0 - 212 °F

Comments
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Thermal Conductivity

Melting Point
Solidus
Liquidus
Component Elements
Properties
Carbon, C
Chromium, Cr
Iron, Fe
Manganese, Mn
Nickel, Ni
Phosphorous, P
Silicon, Si
Sulfur, S

16.2 W/m-K

112 BTU-in/hr-ft²°F

@Temperature 0.000 - 100
°C

@Temperature
32.0 - 212 °F

21.5 W/m-K

149 BTU-in/hr-ft²°F

@Temperature 500 °C

@Temperature
932 °F

1400 - 1455 °C
1400 °C
1455 °C

2550 - 2651 °F
2550 °F
2651 °F

Metric
<= 0.080 %
18 - 20 %
66.345 - 74 %
<= 2.0 %
8.0 - 10.5 %
<= 0.045 %
<= 1.0 %
<= 0.030 %

English

Comments

<= 0.080 %
18 - 20 %
66.345 - 74 %
<= 2.0 %
8.0 - 10.5 %
<= 0.045 %
<= 1.0 %
<= 0.030 %

http://matweb.com/search/datasheet.aspx?MatGUID=abc4415b0f8b490387e3c922237098da
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AISI Type 304L Stainless Steel
Categories:

Physical Properties

Metal; Ferrous Metal; Heat Resisting; Stainless Steel; T 300 Series
Stainless Steel
Austenitic Cr-Ni stainless steel. Better corrosion resistance than Type
302. High ductility, excellent drawing, forming, and spinning properties.
Essentially non-magnetic, becomes slightly magnetic when cold
worked. Low carbon content means less carbide precipitation in the
heat-affected zone during welding and a lower susceptibility to
intergranular corrosion. Applications include beer barrels, bellows,
chemical equipment, coal hopper linings, cooling coils, cryogenic
vessels, dairy equipment, evaporators, feedwater tubing, flexible metal
hose, food processing equipment, hypodermic needles, nuclear vessels,
oil well filter screens, refrigeration equipment, paper industry, pressure
vessels, sanitary fittings, valves, shipping drums, spinning, still tubes,
textile dyeing equipment, tubing.
aisi304, AISI 304, T304, T 304, SUS304, SS304, 304SS, 304 SS, T304L,
T304 L, 304L, 304 L, UNS S30403, AMS 5647, QQ-S-763, austenitic, Cr-Ni
stainless steel, SAE 30304L, DIN 1.4306, X2CrNi189, B.S. 304 S 12, PN
86020 (Poland), OOH18N10, ISO 4954 X2CrNi1810E, ISO 683/13 10, 188
Metric
English
Comments

Density

8.00 g/cc

Material Notes:

Key Words:

Mechanical
Properties

0.289 lb/in³

Metric

Hardness, Knoop

English

158

Comments
158 Converted from Rockwell B
Hardness Value

Hardness, Rockwell
B

82

82

Hardness, Rockwell
C

15

15 10% Cold-worked

Hardness, Vickers

159

159 Converted from Rockwell B
Hardness Value.

Tensile Strength,
Ultimate

564 MPa

81800 psi

0% Cold-worked

Tensile Strength,
Yield

210 MPa

30500 psi

0% Cold-worked

Elongation at Break
Modulus of
Elasticity

193 - 200
GPa

28000 - 29000 ksi

Charpy Impact

216 J

159 ft-lb

Electrical

58%

Metric

58% In 50mm (2 in.)

English

Comments
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Properties
Magnetic
Permeability
Thermal Properties

1.008
Metric

1.008 at RT
English

Comments

Specific Heat
Capacity

0.500 J/g-°C

0.120 BTU/lb-°F

Melting Point

1400 - 1450
°C
1400 °C
1450 °C
870 °C

2550 - 2640 °F
2550 °F
2640 °F
1600 °F

Intermittent Service

925 °C

1700 °F

Continuous Service

Solidus
Liquidus
Maximum Service
Temperature, Air
Component
Elements
Properties
Carbon, C
Chromium, Cr
Manganese, Mn
Nickel, Ni
Phosphorous, P
Silicon, Si
Sulfur, S

Metric
<= 0.030 %
18 - 20 %
<= 2.0 %
8.0 - 12 %
<= 0.045 %
<= 1.0 %
<= 0.030 %

English

Estimated based on a
comparison with similar
stainless steels.

Comments

<= 0.030 %
18 - 20 %
<= 2.0 %
8.0 - 12 %
<= 0.045 %
<= 1.0 %
<= 0.030 %

http://matweb.com/search/DataSheet.aspx?MatGUID=e2147b8f727343b0b0d51efe02a6127e
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